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INTRODUCTION.
The great interest developed among engineer's in the last few years upon the question as to 
the extent cement mortars are injured by freezing, and the inadequacy of the experiments along 
this line to answer such questions, lead to the experiments described in this thesis.
with one or two exceptions, the question of the effect of freezing cement mortars has re­
ceived very superficial attention, no extended series of connected tests having been made. The one 
important exception comprises the series of tests made by P. S. Barker and H. A. Symonds at the 
Thayer School of Civil Engineering, Dartmouth College, and described in the Engineering News, Vol. 
33, p. 282. From the results obtained by these experimenters it is plainly evident that mortars, 
both Rosendale and Portland, are injured by immediate freezing. To just what extent this is true 
is not so evident. In this as in every other case where experiments upon the freezing of cements 
have been made, recourse was had to natural sources for such freezing and the often violent fluc­
tuations of the temperature from natural causes does not allow very close comparison of the re­
sults obtained. The exceeding meagreness and general unreliability of the recorded experiments on 
the freezing of cement mortars may be seen by examining the following references:- Effect of
Freezing upon Cement, Michigan Engineer's Annual, '96; Mortars in Freezing Weather, T. A. S. Civil
Engineers, Jan. and June, 94; Effect of Frost on Green Masonry, Engineering Record, Mar. 10 and
Engineering News, Mar. 2, '92; Effect of Frost on Cement Mortar, Transactions Association of Civil
Engineers of Cornell University, '93; Frost on Cement, Journal western Society of Engineers, Vol.l 
No. 5, p. 681. These refences comprise all that I could find on the subject of the freezing of 
cement; and since they have been summarized both in the Michigan Engineer's Annual referred to a- 
bove and in the thesis by Barker and Symonds, are readily accessible and need no farther discus­
sion here.
Granting that cement mortars are injured to a great extent by immediate freezing, the writer 
endeavored to obtain the time necessary that the mortar should set, before freezing seriously af­
fects its strength. That the results might be readily compared, recourse was made to artificial 
freezing.
APPARATUS AND METHOD OF CONDUCTING TESTS.
After a trial of both the transverse method of testing and the common tensile tests, it was 
decided that with the appliances at hand the latter method was the more expeditious and at the 
same time equally reliable.
Two sets of brass gang molds having a capacity of thirty briquettes each, as well as twenty- 
four individual brass molds, were used in making the briquettes. These molds were all of the pat­
tern recomended by the American Society of Civil Engineers.
A Riehle machine having rudder-tipped grips was used in breaking the briquettes. From pre­
vious use of this machine It had been determined that in comparison with either a Fairbanks or Ol­
sen machine, the per-eentage of good breaks was much the greater. Ease and speed of manipulation 
were also far better than in either of the other two and had much to do with its selection.
breat care was taken that all briquettes should be made under exactly the same conditions 
in order that the results might be comparable. At least two-thirds of the total number of bri­
quettes were made by the writer alone. With the remainder very valuable assistance was rendered 
by E. Johnson. Here much care was observed that the same procedure should be gone through with 
in filling the molds, and a later comparison of the results of the briquettes molded by myself and 
by Mr. Johnson showed that there was no appreciable difference.
In preparing mortar, the cement and sand were first thoroughly mixed dry and then the water 
accec. The mass was then worked over .with a small trowel to the consistency recomendea by Professor 
caker in his masonry Construction", p. 7i. The per cent of water necessary for the various mor­
tars had been previously determined.and.was strictly adhered to throughout the series of experi­
ments.
All briquettes were hand-molded, moderate pressure of the thumbs serving to closely fill 
the molds and exclude ail air bubbles.
The mortar was mixed upon slate tables, the molds also resting upon these tables while the 
cement wes setting.
Through the kindness of Mr. Storer of the Twin City Cold Storage Co. of Champaign a room
was obtained ior the freezing of the briquettes. This room served the ice company as a storage 
room for their artificial ice and was always at a temperature of about 20°F. Throughout the time 
during which this room was used as a freezing place for the briquettes, the temperature did not 
vary more than two or three degrees from this point (20°). The briquettes were stored one deep on
sheet iron shelves and soon fell to the temperature of the room.
With those-briquettes allowed to set but a short time before freezing, all work was done at
the ice plant. At the expiration of the time allowed for the briquettes to set, the molds with en 
closed briquettes were placed in the cold room until the freezing had taken place. The briquettes 
were then taken from the molds and placed upon the shelves before mentioned.
where the oriquettes were allowed to rest a longer time and the cement became hard before 
the expiration of this time, the briquettes were made at the Cement Laboratory of the University 
and there taken from the molds before being put Into the freezing room. In all cases the frozen 
briquettes were taken from the freezing room 18 to 20 hours before being broken. During this time 
they were placed in water which continued at about the same temperature of the laboratory, which 
averaged 60. C p. This allowed perfect thawing of the briquettes before they were broken.
v.ith the briquettes of the parallel series not frozen, equal care was taken. Here the bri­
quettes were taken from the molds after the cement had set and placed in pans of water as In the 
case of thawing the frozen specimens. Also as in the case of the frozen specimens, the water of 
the pans arveraged 60.8°F, varying from 54 to 68 degrees F.
In tbs case of the briquettes destined to be frozen after quite an interval in which to set, 
water storage was also made. These briquettes were allowed to drain off or else were wiped off be­
fore putting them in the freezing room. Wherever briquettes were allowed to set in the molds, a 
damp cloth was contsantly kept over them.
Each briquette was marked with steel dies to identify them. From these marks each briquette 
could be perfectly identified, and it is believed that not one mistake was made in the 2 500 bri­
quettes bandied. In the case of the 1 : 2 and the 1 : 2 mortars these markr were rendered legible 
by placing them upon a thin scale of neat cement rubbed upon ene end of the briquette.
CEMEMT AND SAND.
Cement.
Ihe cement used consited of two Portlands, viz., Dufossez and Saylor's American, and four 
Rosendales, viz., Clark's Utica, Louisville Black Diamond, Louisville Star, and Akron. These, a- 
mong others had been in use at the laboratory for some time and were chosen as representative ce­
ments and as having given better results under test than the ether brands in the laboratory. The 
general qualities of these -cements may be seen from an inspection of the following table;-
Results cf Tests of Cement Used, in the Freezing of Cement Mortar.
Brand.
Dufossez
Saylor’s American 
Louisville Black Diamond 
Louisville Star
Akron
Clark’s Utica
Wt. per 
cu. ft. 
lbs.
Fineness.
Per cent passing 
50 sieve. 100 sieve
79.9 99.8 % 84.5 %
72.7 98.9 89.6
52.0 85.1 74.0
55.1 85.1 76.0
57.0 95.5 78.7
55.1 92.8 77.7
Activity.
Gilmore Test.
Interval in min. from adding water to
Initial Set. Final Set.
Air. Water. Air. Water
57 1-25
45
25 r r  C'',ClC 65 147
r y  CS
s r v 65 45
47 155
70 105
With the exception of the Utica and Akron all the cements were perfectly sound. These two 
exceptions, however, were not bad cases, the cracks found in standard pats setting in water be­
ing small and superficial.
The Portlands were bought in the open market. The Rosendales w'ere supplied to the labora­
tory by the manufacturers on request.
Sand.
The sand used in all tests consisted of crushed quartz of the standard size recomended by 
the American Society of Civil engineers. It was sharp, clean, and in every way a desirable and ex­
cellent sand for the purpose.
The water used in preparing the mortar varied in temperature from 46° to 59° P. As before 
stated the per-cent of water used with individual cements and the various mortars was uniform dur­
ing the entire time of the experiment. These proportions of water were as follows:-
Brand. Mortar. Per Cent Water. Brand. Mortar. Per Cent
Dufossez 1— <D 20 Saylor's 1 — 0 22
1 —  1 15 American. 1 - - 1 15
1— 2 12 1 — 2 12
1--3 10 1 —  3 10
Brand. Mortar. Ear Cent Water. Brand. Mortar. Per Cent
Louisville 1 — 0 37 Akron. 1--0 32
Elack Diamond. 1— 1 20 1 —  1 18
1— 2 15 1— 2 14
Louisville Star. 1— 0 37 Clark's Utica. 1--0 38
1 —  1 22 1 — 1 22
1 — 2 16 1 — 2 16
TESTS.
The results of the various experiments are shown in the following tables and diagrams. In all 
cases the briquettes ware frozen six days after having been allowed to set for various intervals. 
They were then thawed for from 18 to 20 hours and broken. The un-frozen briquettes of the parallel 
series were broken at exactly the same age as the frozen specimens. It was found however that a 
difference of 1 to 24 hours in the age of the unfrozen specimens made so little difference in the 
strength that un-frozen briquettes between these limits were averaged for strength. Where a con­
siderable gain in strength appeared to come from the interval between the limits of 1 2 and 24 
hours this strength was noted separately, those between 1 and 12 bening averaged together.
TABLE 1.
(a)
EFFECT OF FREEZING NEAT DUFOSSEZ CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
>©f.
i .  X.
Frozen. Un-f rozen. Ratio
No. Age when No. Aver, strength Freb. E No. Aver, strength Prob. E frozen to
frozen. Br. lbs. per sq. in. of mean. Br. lbs. per sq. in. of mean. un-frozen
1 1 hr. 4 321
+
7 6 468
+
68 %
2 2 » 5 337 10 6 458 6 72
3 3 n 5 341 5 6 468 • 73
4 6 » » 6 372 8 5 471 4 79
5 12 n 5 374 2 3 466 15 80
r *o 24 *» 5 400 13 5 501 12 80
7 2 day. 5 352 2 5 521 9 67
8 3 tt 5 379 7 6 548 10 69
9 7
tt 6 327 6 10
4
635 11 52
10 14 *9 5 672 21 5 670 17 100
TABLE 1 
tb]
EFFECT OF FREEZING 1 : 1 DUFOSSEZ CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref.
Nc. Age when No.
Frozen.
Aver, strength Prob. E
frozen. Br. lbs. per sq. In. of mean
1 1 hr. 5 133
+
4
2 2 " 5 177 2
3 3 " 5 172 17
4 6 M 5 172 5
5 12 " 5 184 11
6 24 " 5 186 7
7 2 days. 5 187 6
8 3 " - 4 193 12
9 7 " 6 296 19
10 14 " 6 331 8
On-frozen.
Ratio
No. Aver, strength Prob,. E Frozen to
Br. lbs. per sq. in. of mean On-f rozen
±
58 %
77
26 230 14 75
75
80
5 236 'zKJ 79
4 248 6 75
5 255 2 75
5 283 7 105
15 325 5 102
11
TABLE 1. 
(c)
EFFECT OF FREEZING 1 : 2 DUFGSSEZ CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen. Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob. E frozen to
frozen. Br. lbs. per sq. In. of mean. Br. lbs. per sq. in. of mean. un-f rozen
1 1 hr. 4 'X'X t6 ±
26 %
2 2 " 6 43 7
34
■xu 3 " 4 62 9 25 128 5 48
4 6 " 5 58 2
45
5 12 " 6 79 Q
62
6 24 ” 5 81 5 5 128 7 63
7 2 days. 4 82 8 5 136 9 60
8 3 " 12 103 4 5 138 8 75
9 7 " 6 181 1 5 181 3 100
10 14 " . 6 209 7 5 184 5 114
12
TABLE 1.
(d)
EFFECT OF FREEZING 1 : g DUFOSSEZ CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen. Ratio
No. Age when No. Aver . strength Prob. E No. Aver, strength Prob. E frozen to
frozen. Br. lbs. per sq. in. of mean. Br. lbs. per sq. in. of mean. un-frozen
1 1 hr. 6 00 +
2 2 " 5 00 -
rio 3 " 6 10 1 34 76 -i 8 *
4 6 " 5 14 0
18
5 12 " 5 19 3
25
6 24 " 6 28 1 10 76 2 37
7 2 days. 5 37 4 5 79 9 47
8 ■*. « 4 48 7 5 82 1 58
9 7 5 106 2 16 103 8 103
10 14 6 134 11 6 144 7 93
#
1TABLE 2.
[a]
EFFECT OF FREEZING NEAT SAYLOR' S CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref • Frozen. Un-frozen.
Ratio
No . Age when No. Aver, strength Prob. E No. Aver, strength Prob. E frozen to
f rozen. Br. lbs. per sq. In. of mean. Br. lbs. per sq. in. of mean. un-frozen.
± +
1 1 hr. 3 285 10 60 %
2 2 " 4 238 17 50
3 3 " 5 234 3 23 478 14 50
4 6 " 5 268 21 59
5 12 " 5 284 15 50
6 24 " 5 248 7 5 499 4 45
7 2 days. 3 240 9 6 529 ’Z 56
8 5 300 11 5 534 16 110
9 7 " 0 590 9 5 536 13 110
10
....... ..........
14 " •z 671 15 5 612 9 105
14
TABLE 2.
£6]
EFFECT OF FREEZING 1 : 1 SAYLOR'S CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref.
f
Frozen. lln-f rozen.
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob. E
Ratio 
frozen to
f rozen. Br. lbs. per sq. in. of mean. Br. lbs. per sq. in. of mean. un-frozen
+ +
1 1 hr. 5 144 9 47 %
2 2 " 5 176 6 57
3 3 " 5 173 5 25 308 8 56
4 6 " 5 175 6 57
5 12 " 5 179 9 58
6 24 " 5 255 4 5 324 11 79
7 2 days.' 4 260 1 5 327 2 79
8 3 " 5 271 0 5 330 9 82
9 7 " 11 303 ■ 1 5 446 17 68
10 14 " O 391 i 5 450 8 87
TABLE 2.
CcJ
EFFECT OF FREEZING 1 : 2 SAYLOR'S CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob .E frozen to
frozen. Br. lbs. per .sq. in. of mean. CO • lbs. per sq. in. of mean. un-f rozen
+ +1 1 hr. 5 61 KJ 55 %
2 2 n 5 81 4 73
'Z %G n 5 96 RKj 36 Ill 6 86
4 6 it 5 102 6 92
5 12 it 5 129 116
6 24 ft 5 143 2 129
7 2 days. 5 138 9 6 115 3 120
8 3 t> 5 146 1 6 135 7 108
9 7 it 5 461 8 6 165 14 98
10 14 tt 5 226 11 8 177 8 128
16
TABLE 2.
Cd]
&FFECI OF FREEZING 1 j 6 SAYLOR'S CEMENT MORTAR SIX DAYS, AFTER ALLOWING IT- TO SET
FOR VARYING LENGTHS OF TIME.
Ref. Frozen.
No. Age when No. Aver, strength Prob. E
f rozsn. Br. lbs. per sq. in. of mean
±
1 1 hr. 3 18 2
2 2 " 6 26 5
3 3 " 4 15 3
4 6 " 5 33 1
5 12 " 6 48 6
6 24 * 5 54 6
7 2 days. 5 69 7
8 3 " 6 74 2
9 7 " 6 87 9
10 14 " 6 124 13
Un-f rozen.
Ratio
No. Aver, strength Prob. E Frozen to
Br. lbs. per sq. in. of mean.
±
un-f roz en
56 32 %
56 46
34 56 4 27
56 59
56 ' 86
56 9S
6 61 113
5 65. 0 114
Ao 72 10 121
5 99 00 125
‘TABLE 3.
CaJ
EFFECT OF FREEZING NEAT CLARK'S UTICA CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. • Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob. E Frozen to
frozen. Br. lbs. per sq. in. of mean. Br. lbs. per sq. in. of mean.
r
Un-frozen.
1 1 hr. 4 120 3
V
90 %
2 2 " 5 116 1
87
3 " 5 127 1 30 133 3 95
4 6 " 5 152 2
114
5 12 " 5 163 2
122
6 24 " 6 143 4
107
7 2 days. 6 135 7 5 170 7 79
8 3 ” 6 140 9 5 174 5 80
9 7 " 6 154 5 220 8 70
10 14 " 6 199 5 5 223 Q 89
18
TABLE 3.
Ctol
EFFECT' OP FREEZING 1 : 1 CLARK'S UTICA CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen. Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob. E Frozen to
frozen. Br. lbs. per sq. in. of mean.
+
Br. lbs. per sq. in. of mean.
4-i
un-frozen
1 1 hr. 5 114 6 88 %
2 2 " 5 118 3 91
3 3 " 5 111 7 30 129 4 86
4 6 " 5 128 2 99
5 12 " 4 131 6 102
6 24 ” 5 142 1 110
7 2 days. 6 137 5 5 131 7 105
8 3 " 6 ' 107 5 6 134 5 80
9 7 " 5 138 4 6 139 3 100
10 14 " 6 130 8 5 198 6 81
1TABLE 3.
CcJ
EFFECT OF FREEZING 1 : 2 CLARK'S UTICA CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen.
No. Age when No. Aver, strength Prob. E
f rozen. Br. lbs. per sq. in. of mean
+
1 1 hr. 5 45 4
2 2 " 4 50 7
3 3 " 5 80 8
4 6 " 5 83 1
5 12 " 0 74 3
6 24 " 6 43 4
7 2 days. 6 45 §
8 V r\o 49 7
9 7 " r\o 59 9
10 14 * 6 77 1
Un-frozen.
Ratio
No. Aver, strength Prob. E Frozen to
Br. lbs. per sq. in. of mean Un-f rozen
+
71
95
30 63 5 127
132
117
58
6 54 3 71
10 70 5 70
Ao 83 2 83
5 85 7 91
20
TAELS 4.
(a)
EFFECT OF FREEZING NEAT LOUISVILLE STAR CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref.
No. Age when No.
Frozen.
Aver, strength Prob. E No. Aver
Un-f rozen.
. strength Prob. E
Ratio 
Frozen to
frozen. Br. lbs. per sq. in. of mean. 
+
Br. lbs. per sq. in. of mean.
+
Un-frozen
1 1 hr. 5 145 5 * 109 %
2 2 " 5 135 3 102
3 3 " 4 148 5 30 133 7 111
4 6 " 5 155 1 117
5 12 * 5 151 3 117
0 24 ” 4 153 7 115
7 2 diiys. 5 150 8 5 161 2 93
8 3 6 133 8 5 165 i 81
9 7 " 6 150 2 5 184 8 81
10 14 " 6 153 3 5 197 13 79
TABLE 4.
Lb 1
EFFECT OF FREEZING 1 : 1 LOUISVILLE STAR CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver . strength Prob. E Frozen to
f rozen. Br. lbs. per sq. in. of mean. 
+
Br. lbs. per sq. in. of mean.
+
Un-frozen.
1 1 hr. 4 136 .3 132 %
2 2 " 5 139 2 135
3 3 ” 5 130 3 30 103 5 126
4 6 " 4 164 1 159
5 12 ” 5 141 7 137
r\o 24 " 5 130 2 126
7 2 days. 3 120 5 5 105 3 114
8 3 " 5 108 9 5 111 4 97
9 7 " 5 123 1 5 124 6 100
10 14 "
4
5 137 5 5 149 7 92
TAELS 4.
(c)
EFFECT OF FREEZING 1 ; Z  .OUISVILLE STAR CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR 'VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
No. Age when
Ratio
No. Aver, strength Prob. E No. Aver, strength Prob. E Frozen to
f rozen. Br. lb.s. per sq. in. of mean. Br. lbs. per sq. in. of mean. Un-frozen+ +
1 1 hr. 5 96 3
133 %
2 2 " 5 104 2
144
3 3 " 5 106 3 30 72 4 147
4 6 " 5 123 1
171
5 12 ” 5 106 7
*
144
/>o 24 " 5 89 4
96
7 2 days. o 87 6 5 68 2 98
.8 3 " 6 64 0 10 73 3 88
9 7 " 6 80 4 5 75 4 107
10 14 " 6 92 6 5 99 6 93
TABLE 5 
[a]
EFFECT OF FREEZING NEAT LOUISVILLE BLACK DIAMOND CEMENT MORTAR SIX DAYS, AFTER HAVING SET
FOR VARYING LENGTHS OF TIME.
Ref. Frozen, Un- frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver.. strength Prob. E Frozen to
f rozen. Br. lbs. per sq'. in. of mean.
±
Br. lbs. per sq. in . of mean.
+
On-frozen
1 1 hr* 5 116 6 72 %
2 2 5 173 3 107
3 3 5 175 6 42 161 6 109
4 6 tr 5 191 2 119
5 12 • » 5 223 3 138
6 24 f t 5 237 7 10 172 7 138
7 2 days. 5 228 9 5 173 2 132
8 3 j > 5 ' 216 10 10 172 5 126
9 7 n 5 182 3 10 175 3 104
10 14 t t 5 163 4 10 176 6 93
#
TABLE 5
CbJ
EFFECT OF FREEZING 1 : 1 LOUISVILLE BLACK DIAMOND CEMENT MORTAR SIX DAYS, AFTER HAVING SET
FOR VARYING LENGTHS OF TIME.
Ref. Frozen. Un-frozen •
Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob. E Frozen to
f rozen. Br. lbs. per sq. in. of mean. 
+
Br. lbs. per sq. in. of mean.
+
Un-f rozen
1 1 hr. 5 108 3
C
D
C
5*
i
2 2 " 5 152 i
132
3 ■z »U 5 168 9 36 115 3 146
A 6 " 5 173 5
150
5 12 " 5 220 6
191
6 24 * 5 202 2
176
7 2 days. 3 185 3 6 117 5 158
8 3 " 5 179 7 6 141 7 127
9 7 " 5 171 4 6 188 11 91
10 14 ” 5 185 9 6 198 5 93
25
TABLE 5.
te l
EFFECT OF FREEZING 1 : 2 LOUISVILLE BLACK DIAMOND CEMENT MORTAR SIX DAYS, AFTER HAVING SET
FOR VARYING LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver . strength Prob. h Frozen to
f rozen. Br. lbs. per sq. in. of mean.
jf
Br. lbs. per sq. in. of mean. Un-frozen
1 1 hr. 5 63 1 170 %
2 2 " 5 76 i
205±
3 3 " 5 79 2 25 37 7 213
4 6 " 6 93 6 251
5 12 " 5 101 5 273
6 24 " 5 120 1 5 38 4 316
7 2 days. 4 104 KJ 5 35 5 297
8 3 " 6 78 5 6 42 5 186
9 7 " 5 69 5 6 44 9 157
10 14 " 5 90 7 5 75 14 120
TABLE 6.
Cal
EFFECT OF FREEZING NEAT AKRON CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver . strength Prob. E Frozen to
f rozen. Br. lbs. per sq. in. of mean. 
+
Br. lbs. per sq. in. of mean.
+
.Un-frozen
1 1 hr. 5 108 2 83 %
2 2 " 5 112 5 86
% 3 ” 4 109 1 23 130 4 84
4 6 " 5 184 3 142
5 12 " 5 156 7 120
6 24 " 5 150 2 5 132 3 114
7 2 days. 6 142 2 4 138 2 103
8 ? 99KJ 6 140 4 3 133 7 105
9 7 " 5 132 9 ■xKJ 142 4 93
10 14 " 5 150 3 5 154 97
TABLE 6
Cb]
EFFECT OF FREEZING 1 : 1 AKRON CEMENT MORTAR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen.
No. Age when No. Aver, strength Prob. E
frozen. Br. lbs. per sq. in. of mean
+
1 1 hr. 5 71 1
2 2 ” 5 69 3
3 " 5 143 7
4 S * 5 152 8
5 12 " 4 160 5
6 24 " 5 133 1
7 2 days. 5 131 -4
8 3 " 5 129 3
9 7 " 5 127 3
10 14 " 4 138 5
Un-f rozen.
Ratio
No. Aver . strength Prob:. E Frozen to
Br. lbs. per sq. in. of mean. Un-frozen
+
79 %
76
159
32 90 3 167
176
148
12 91 5 146
6 94 1 137
6 98 4 130
16 120 1 115
TAELS 6
[cJ
EFFECT OF FREEZING 1 : 2 AKRON CEMENT MORTAR SIX DAIS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Ref. Frozen. Un-frozen.
Ratio
No. Age when No. Aver, strength Prob. E No. Aver, strength Prob;. E Frozen to
frozen. Br. lbs. per sq. in. of mean. Br. lbs. per sq. In. of mean. •Dn-frozen
+ ti
1 1 hr. 5 57 1 168 %
2 2 " 5 70 3 206
3 'Z ”o 5 83 2 34 34 •z 244
4 5 " 6 87 1 256
5 12 ” 5 85 1 250
6 24 " 8 80 4 235
7 2 days. 5 80 7 6 36 4 222
8 3 " 5 72 2 6 38 1 189
9 7 " 5 65 1 6 60 2 108
10 14 * 6 60 3 6 73 1 82
£9
TABLE 7.
EFFECT OF FREEZING LOUISVILLE BLACK DIAMOND CEMENT MORTARS FOR SIX DAYS, AFTER HAVING SET FOR
VARYING LENGTHS OF TIME.
Neat.
1 : 1.
1 : 2 .
Age when frozen.
1 hr. 2 hrs. 3 hrs. 6 hrs. 12 hrs. 24 hrs. 2 days. 3 days. 7 days. 14 days
Frozen. 116 173 175 191 223 237 228 216 182 163
Un-frozen. 151 161 161 161 161 172 173 172 175 176
Frozen. 108 152 168 173 226 202 185 179 171 185
Dn-frozen. 115 115 115 115 115 115 117 141 188 198
Frozen. 63 76 79 93 101 120 104 78 69 90
Un-frozen. 37 37 37 37 37 38 35 42 44 75
TABLE 8
EFFECT OF FREEZING AKRON CEMENT MORTARS FOR SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
1 hr. 2 brs. 3 hrs.
Age when frozen.
S hrs. 12 hrs. 24 hrs. 2 days. 3 days. 7 days. 14 days
150Frozen. 108 112 109 184 156 150 142 140 132
Un-frozen. 130 13© 130 130 130 132 138 133 142 154
Frozen. 71 69 143 152 160 133 131 129 127 138
Un-f rozen. 90 90 90 90 90 90 93 94 98 120
Frozen. 57 70 83 87 85 80 80 72 65 60
Un-frozen. 34 34 34 34 34 34 36 38 60 73
TABLE 9.
EFFECT OF FREEZING CLARK'S UTICA CEMENT MORTARS SIX DAYS, AFTER HAYING SET FOR VARYING
LENSIBS OF TIME.
1 hr. 2 hrs 
Frozen. 120 116
Neat.
Un-frozen. 133 133
Frozen. 114 118
Un-frozen. 129 129
Frozen. 45 60
Un-frozen. 63 63
Age when frozen.
3 hrs. 6 hrs. 12 hrs. 24 hrs
127 152 183 142
133 133 133 160
111 128 131 142
129 129 129 129
86 83 74 43
63 63 63 63
days. 3 days. 7 days. 14 days
135 140 154 199
170 174 220 223
137 107 138 160
131 134 139 198
45 49 69
62 70 83 85
TABLE 10
EFFECT OF FREEZING LOUISVILLE STAR CEMENT MORTARS SIX DAYS, AFTER HAVING SET FOR VARYING
LENGTHS OF TIME.
Age when frozen.
1 hr. 2 hrs. 3 hrs. 5 hrs. 12 hrs. 24 hrs. 2 days. 3 days. 7 days. 14 days
Frozen. 145 135 148 156 156 153 150 133 150 153
Neat. .. _
un.Frozen. 133 133 133 133 133 133 161 165 184 197
Frozen. 136 139 130 164 141 130
V
126 108 123 137
1:j 1.
Un-frozen. 103 103 103 103 103 103 105 111 124 149
Frozen. 96 104 106 123 106 69 67 64 80 92
1 : 2.
un-f rozen. 72 72 72 72 72 72 78 73 ?8 99
TABLE 11.
EFFECT OF FREEZING DUFOSSEZ CEMENT MORTARS SIX.DAYS, AFTER HAVING SET FOR.VARYING
LENGTHS OF TIME.
Neat.
1 : 1 .
1 : 2 .
1: 33.
1 br. 2 hrs. 3 hrs.
Age when frozen.
8 hrs. 12 hrs. 24 hrs. .2 days. 3 days. 7 day
Frozen. 321 337 341 372 374 400 352 379 327
Un-frozen. 468 468 468 471 465 507 521 548 635
Frozen. 133 177 172 172 I84 186 187 193 296
un-frozen. 230 230 230 230 230 236 248 257 283
Frozen. 33 43 62 58 79 81 82 103 181
Un-frozen. 128 128 128 128 128 128 136 138 181
Frozen. 00 00 10 14 19 28 37 48 106
Un-frozen. 78 76 76 76 76 76 79 82 103
14 days.
672
670
331
325
209
184
134
144
TABLE .12.
EFFECT OF FREEZING SAYLOR'S AMERICAN CEMENT MORTAR SIX .DAYS, AFTER HAVING SET FOR. VARIING
LENGTHS OF TIME.
.1 hr. 2 hrs. 3 hrs.
Age 
3 hrs.
when frozen.
12 hrs. 24 hrs. 2 days. 3 days. 7 days. 14.day
Frozen. 285 238 234 268 284 248 240 300 590 671
Un-frozen. 478 478 478 478 478 499 529 534 536 612
Frozen. 144 176 173 175 179 255 260 271 303 391
Un-frozen. 308 308 308 308 308 324 327 330 446 450
Frozen. 31 81 96 102 129 143 138 146 161 226
Un-frozen. 111 111 111 111 111 111 115 T35 165 177
Frozen. 18 26 15 33 48 54 69 54 87 124
Un-frozen. 56 56 56 56 56 56 61 65 72 99
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STUDY OF THE EXPERIMENTS.
As preliminary experiments a few briquettes of both Rosendale and Portland cement were pre­
pared and immediately frozen. The results obtained by these prelimiyary experiments practical1J a- 
greed with the results obtained by Barker and Symonds. Upon one point however there was a slight 
disagreement. Rosendale briquettes frozen six days at a temperature of 20° F. showed very little 
evidence of surface disintegration. A slight discoloration of the outside skin, extending to a 
depth of a quarter of an inch only, was all .the visible effect. This discolored area while not as 
hard and sound as the other parts of the section, had no little strength. Portland briquettes suf­
fered no surface change whatever although the loss in strength was considerable.
An inspection of the matter given in the tables will show results surprising in many ways. 
Instead of the generally accepted belief that cement mortars (and especially Rosendales) are in­
jured by freezing, it is plainly evident that given a short initial set, such freezing enormously 
increases the strength of Rosendale mortar and the Portland is the cement most injuriously affect 
ed. Carried out to answer one question, the experiments have developed an entirely different and 
perhaps more important one.
An inspection of Tables 3 to 6, containing results for Rosendale mortars, shows that the 
strength rapidly increases with the time in which the briquettes are allowed to set, up to a cer­
tain point. From this point the strength in some cases decreases to a second acini mum and later ap-
proaches the point where the freezing has no effect either way. The maximum strength always comes 
with a less initial set than twenty four hours and generally with less than six hours. The 1— 1 
and 1--2 mortars attain a maximum before the neat. Where there is a second minimum, as in the case 
of the Clark s Utica and Louisville Star, this minimum seems to be reached at three days. The ether 
two Rosendales used in this series of experiments had no second minimum, but gradually decreased in 
strength from the maximum to the point of no effect.
The Portlands while never increasing in strength by the freezing, appear neverthe less to 
have a maximum as in the case of the Rosendales. Thus the loss in strength is much less when froz­
en at six to twelve hours after molding, than when frozen at either twenty-four or forty-eight 
hours from this point. This maximum is not so well defined as in the case of the Rosendales but is 
still plainly apparent. It also comes later than in the case of the Rosendales. This .would natural­
ly be expected. The Rosendales being much quicker setting than the Portlands would take a much 
-shorter time to a*tta»n the condition at which the freezing seems to affect them most favorably.
The tabular results may be more easily studied by means of diagrams 1 to 12. Diagrams 7 to 
12 where the ratio of frozen to unfrozen strength in per cent is taken as an ordinate, is especial­
ly intsructive. Here it will be noted that the 1--1 and 1--2 mortars are much more favorably affect­
ed by the freezing than the neat. The height to which the 1 —  2 curve rises is surprising to say 
the least. Thus in the case of the Louisville Black Diamond cement it rises to 216 % and approach-
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es the strength of 1— 1 unfrozen mortar. In all the cases of Rosendale mortar the 1— 1 frozen mor­
tar rises to a strength equal to the neat unfrozen mortar. This effect in an economic sense alone 
is iworth taking account of, and would make it highly desirable that all Rosendale mortar should be 
frozen.
The increase of strength in the frozen Rosendale briquettes noted in these experiments cor­
responds to the increased “internal strength" noted by Barker and Symonds. Given a short initial 
set, the cement attains a power to resist surface disintegration and greatly increases in strength- 
The broken section of the frozen briquettes showed that the surface discoloration, as evidencing 
surface disintegration, rapidly decreased in thickness until with three or four hours initial set 
no differences in the color of the section could be observed.
In the case of the Portlands, freezing appeared to simply retard the setting, briquettes 
frozen six days rapidly gaining in strength on being thawed out and allowed to stand in a warm 
place for some time. With the Rosendales the effect was entirely different in character. The rate 
of setting did not, however, increase under the Influence of the cold; rather the reverse. While n° 
adequate solution of the question as to how the increase of strength is gained can be given, there 
can be no doubt that there is such an increase, wheter through mere favorable conditions for the 
formation of the hydrate of alumina or through physical re-arrangement of the hydrate crystals, 
it will not be attempted to state. The whole question as to the setting of cements is at the best 
in a very hazy condition and a great field opens before the engineer-chemist who .will bring his
combined knowlege to bear upon the subject.
In an attempt to explain the apparantly contradictory results of the experiments in the case 
of the Rosendale mortars, it was suggested that the time allowed the briquettes to thaw was inad­
equate and that the increased strength was due to frozen material rather than from the increased 
strength of the cement itself.This could have been satisfactorily answered in part by reference to
the results from the Portland cements. They also, in such a casa, should have received an increase
of strength. In order, however, that this question should be definitely settled, a briquette was 
prepared having a hollow interior to which access was obtained through a hole Just large enough to
insert a thermometer stem. This hollow was filled with mercury., a thermometer bulb inserted, and
the apparatus removed to the freezing room. The briquette before removal to this room was at a 
temperature of 61 ° F. In an hour and fifteen minutes the temperature of the briquette had fallen 
to 52.2° F, at two hours to 29° and at four hours to the temperature of the room (20°F.). The bri­
quette was then removed from the freezing room and placed in a pan of water at 50.4° F. In fifteen 
minutes the temperature had risee to 47°, and in forty-five minutes to the temperature of the sur­
rounding water. This allows no question as to the perfect thawing of the briquettes in the 18 to 
20 hours allowed.
It had been originally intended to experiment with but two brands of Rosendale cement. To 
check the general results obtained from these two, and whose character caused them to be questioned,
two more were selected and the subsequent results from these two amply verified the ones from the 
first cements.
Rosendales frozen in contact with water are almost wholely disintegrated, being reduced to 
mud and scales. Alternate freezing and thawing also seems to injure the strength as obtained above 
but to a slight extent only. The tests on this question were limited in number on account of time 
and were hardly sufficient to establish the truth of the statement beyond dispute.
A few briquettes, by chance only, were frozen for six days at a temperature of about 10° F. 
These in the case of the Rosendale cement mortar were very greatly increased in strength, much 
more in fact than occurred at the temperature of 20° ¥ to which the most of the briquettes were ex- 
posed. This increases the incongruity of the results and adds to the difficulty in explaining them 
In fact the whole matter is directly opposed to our accepted opinions and to reason, and can not 
be explained on any common ground.
In moderately cold weather the disintegrating effect of the frost will not penetrate far in­
to the mortar of a wall and with an initial set of only an aour, the Rosendale cement mortar would 
closely approach its normal strength under the most favorable conditions. With other Rosendale ce­
ments such an interval would even operate to gratly increase its strength.
Winter days, in all except very high latitudes, in which six or eight hours of a temperature 
very near if not above freezing can be obtained, are not uncommon and would allow the construction
of first class masonry, using Rosendale cement mortar and a little extra care. Contsructions 
built under such condidions would stand the frost much better than if Portland cement was used and 
in fact the added strength due to the frost would make the Rosendale as strong as a Portland under 
normal conditions.
Many cases of masonry failures laid to the effect of the frost on the. cement roust be attri­
buted to other causes or a combination of unfavorable conditions. Not that the frost does not some 
times injuriously affect the strength of the mortar, but in such cases rather through the operatio 
or co-operation at the same time of other conditions. I hav4 in mind the failure of a water tower 
[See Eng. News, Vol. S>S,- . J put up in freezing weather with Rosendale cement mortar. On the thaw 
ing of the mortar by a warm rain the tower failed. In such a case the action of the weather both 
during the. construction.of the tower, and subsequently when the work was sometimes cornered ..with 
sleet, would seriously mitigate the benefit to be derived from the action of the frost. This tower 
if constructed and thawed out in comparatively dry weather would have shown no evidence of weak­
ness.
CONCLUSIONS FROM THE TESTS.
(1). Portland cement mortars suffer a retardation in their setting on being frozen, the 
strength reducing to almost nothing in the case of mortars with a large proportion of sand. They
suffer no surface disintegration however, and from superficial examination would appear to have re~ 
ceived no harm.
tr
(2). Rosendale cement mortars with an initial set of from three to six hours are very great 
ly increased in strength by being frozen. This increase of strength is greater in the mortars hav­
ing a large proportion of sand and in the majority of cases is as much as 50 some cements going 
as high as 200 % or more. The strength also ac(pears to increase with the degree of cold to which 
the mortar is subjected.
(5). Rosendale cement mortar suffers a slight surface disintegration on being frozen, this 
disintegration varying with the amount of initial set allowed. In all cases where any initial set 
is allowed, this disintegration is very slight. Rcsendales frozen in water or under very damp con­
ditions are almost totally disintegrated.
(4). Both Rosendales and Portlands require an interval of at least two weeks before the are 
unaffected by the action of frost.
The limited time at the disposal of the writer for these cement tests has naturally prevent­
ed investigation in many interesting and important directions developed during the experiments. It 
is hoped, however, that the results obtained may be of interest and practical value to engineers 
as developing a new idea in regard to the action of frost on cement mortars.
THS END.
